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A DESCRIPTION of a REFLECTING LEVEL or an ARTI- 
FICIAL HORIZON >r taking ALTITUDES of the CELES- 
TIAL BODIES, fcfr. on Land by HADLEY's QUADRANT, 
with fome REMARKS on different LEVELS. By the Reverend 
JAMES LITTLE. 



1 HE ufefulnefs at fea of that excellent inftrument, the Hadley's R Ca dOaober 
quadrant, is known to every navigator, it being the only one by 20ihf I79?h 
which, without any ftand or fixed pofition, and even when the 
obferver is in motion, accurate obfervations can be made of the 
altitudes of the celeftial bodies and their angular diflances in 
order to find the longitude; and it would alfo, as being the mod 
accurate and ready of all fmall and portable inftruments of that 
nature, be exceedingly ufeful at land, efpecially to a traveller, 
in taking curfory obfervations, to difcover the latitude, &c. of 
places occafionally vifited, if it were furnifhed with -an artificial 
horizon or level to fupply the place of that natural one which at 
fea the water around the obferver affords, and from which the 

altitudes 
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altitudes of the celeftial bodies are mcafured : for want of fuch 
a level on land, they who make obfervations with an Hadley's 
quadrant, which is not fixed and adjufted by a plummet or fpirit- 
level, are obliged to take thefe altitudes by meafuring the an- 
gular diftance between the object and the image of the fame 
feen on the fmooth and level furface of a ftagnant fluid, as water, 
quickfilver, &c. ; and when the objed is very remote, that an- 
gular diftance will be double its elevation abcnve the real horizon. 
But as fuch obfervations muft be made in the open air, and the 
leaft breath of wind will ruffle the furface of the fluid, it is 
neceflary to cover it with two glafs planes joined at their uppei 
edges and eredted like the roof of a houfe over the veffel con- 
taining the fluid : each of thefe planes muft have its oppofite 
furfaces exadly parallel, which is never the cafe with plates of 
looking-glafs, and the proper planes with the requisite apparatus 
are in few places to be procured, and liable to accidental injury. 
Inftead of this fluid artificial horizon I have ufed the following 
one, which can any where be eafily made, and which I found 
to- anfwer well, as being accurate and portable, lefs liable to ac- 
cidents in travelling than the former, and difoovering in the a£t 
of obfervation its own errors of adjuftment. I conftruded it in 
the two forms hereafter defcribed, the firft of which is repre- 
fented in a perfpedive view in fig. r, and in a fe£Hon through 
the middle in fig. 2 : the fecond form appears in fig. 8, in a like 
fedion through the common axis of its parts. 

It 
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It, confifts of a circular plate of glafs A^ (made of a piece of 
looking-glafs) whofe upper furface is plane and polifhed, but the 
under furface has its polifli taken away by being rubbed with a 
piece of lead and flour of emery with water, fo that an image of 
any obje£t can appear by reflexion from its upper furface only : 
to this is cemented with black fcaling-wax thus frame B C, (made 
of fteel, or it might be, of brafs) both having been previoufly 
made very clean and bright and heated in an oven, then cooled 
flowly : this frame is compofed of the round plates B and C 
fattened together by the two rods or pilfers a a ftrongly riveted 
or brazed to both plates: the piece D'E F is compofed of the 
round plate Z?, which is exadtly fitted and fcrewed clofe and im- 
moveable by two fcrews to the plate C, fo that both may be 
parallel to A and B. In the middle of the plate D is brazed 
the pipe p p : this pipe is made of fteel, and its fides as thin and 
light as may be confiftent with ftrength to fecure it from being 
eafily bent ; it tapers a little towards its end, and its mean ex- 
ternal diameter is about T 3 ^ of an inch : in the middle of this pipe 
is a fleel wire hardened towards the lower end and tapering up- 
wards towards E 9 where it is fcrewed (loofely) through the middle 
of a fhort pin or plate fattened in the mouth of the pipe, which 
pipe is (for ftrength) inferted quite through the plate D. The lower 
end of the wire, which extends a little below the pipe, has a hole 
through it at G at right angles to its axis, as reprefented (enlarged) 
in fig. 4, and alfo in fig. 5 in another fe&ion of the wire which 
is at right angles to the fe&ion in fig. 4 : this hole is to contain the 

knot 
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knot of a looped thread t y which is inferted through a very fbalt 
perforation made in the axis of the wire, and only fo wide as 
juft to -admit the thread tight through it, or inftead thereof a 
very fine and flexible firing of cat-gut or fiddle-ftring* in order 
that when a weight is^ appended to the firing it may pull the 
wire only by a point in its axis. A ring or hoop rr (of iron) is 
brazed on the lower end of the pipe p p, juft fo broad as to admit 
four equidiftant and oppofite adjufting fcrews s s> (made of tem- 
pered fteel, and having fquare heads,/ in carder to be turned by a 
key as well as by a turn-fcrew) to be inferted through it j and 
the hoop is to be fo thick as to fuftain, without change of its 
circular fhape, the preffure of the fcrews againft the wire G E: 
The pipe p p is to be fixed perpendicular in the platfe D, that- it 
and alfo the wire E £, when ill |he middle of it, may b6 at right 
angles to the mirror ; and then^atty little deviation of the : wire 
from this will be corre&ed by moviiig the wire (which muft be fo 
fixed as to yield eafily) towards that fide where it makes tob great 
an angle with the mirror, whiclfis done by firft withd¥awin^ the 
adjusting fcrew on the fame fids and then advancing thfe oppofite 
fcrew^. and when the \Hre is thus fifthly ^reflect by thd foiii 4 oj>pb- 
fite fcrews it cannot change itl p&fition after bfeifl^ iri&de ve^ 
tical to the mirror} nor< confejuently the inflruiiierit altet its 1 arf- 
jultment* 

# The plate D might be omitted, and the pipe with the wire EG might be fas- 
tened in 1 the plate G, : wfcre it not that theft: fhrbiiW be a bole left in the middle "of 
this plate to allow the aeedie-cap (hereafter mentioned) to be fixed in the plate B> 

and 
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In making this little inftrument care muft be taken to form 
it fo y that when the frame B C, and its appendage D F, are fercwed 
together, then the common axis A G of the whole fliall pafs 
through the centre of the plate A and be at right angles to its 
plane ; for when this is the cafe, if it be contrived to fullain the 

axis 

and if made of fteel, to be polifhed anew, fliould it ever contract ruft j to prevent 
which it would be beft to keep always a drop of oil in it. The wire fhould be fo 
thick at the place of the fcrews that its diameter may be only about T V of an inch 
lefs than the internal diameter of the pipe, and when the inftrument is adjufted the 
wire fliould be as nearly as poflible in the middle of the pipe ; for if it were removed 
too much to one fide, each pair of the fcrews, whofe ends are all cquidiftant from 
one another, would not prefs the wire in points of it diametrically oppofite •, in which 
cafe the withdrawing of one fcrew alone might not permit the motion of the wire 
to that fide, but it might be requifite to eafe two contiguous ones, and create a ne- 
ceffity for altering all the fcrews, which would render the adjuflment very trouble- 
fome. This will be avoided by making the wire as thick as it may conveniently be 
juft at the place of the fcrews, and by having the pipe fixed at right angles to the 
mirror. 

Another method of appending the weight to the ftem is reprefented enlarged 
In fig. 6. The lower part of the ftem is formed as at S T, and a pin P made 
of hardened fteel is fcrewed into it, in whofe end is a conical cavity with a 
fine apex to receive the fine and hard point of a hook H> made of a thin plate 
of fteel and fafhioned as in the figure : through a hole in the hook at h a ftring is 
put to fuftain the weight, which it is plain will thus pull the ftem only by that point 
in its axis which is the vertex of the conical cavity. Whether this or the above 
method of fufpending the weight is the beft, I can't fay, though I have tried both ; 
but would rather recommend the former as being more fimplc, and confequently 
fitter for a portable inftrument, which fhould confift of as few parts and common 
materials as poflible, left any fhould be loft, deranged, or damaged. I made trial of 
a fmall ring (to hang the weight from) paffed through the end of the ftem which 
was made thin, but it would not anfwer. 

Vol. VIIL L 
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axis ^fG in a vertical pofition, the plate A will be kept in an 
horizontal one, and will be a reflecting level : this is effe&ed by 
fufpending the whole from a point iV, (fig. 2.) in the axis, as near 
the plate A as can be, and hanging from the looped firing /, by a 
hook, a weight to fwing in a veffel of water, or in the air if it 
be calm enough. The point of fufpenfion is in the axis of a pin 
of fteel H* (tempered very hard) inferted through and fixed in 
the plate jB, having a conical cavity in it 7 whofe apex is polifhed 
to receive the point of a ftrong and hard tempered fteel needle 
JV", which needle fupports the inftrument, and is itfelf fuftained 
perpendicularly in an iron arm iT, riveted in the plate M, by 
which it is fattened by the fcrew L on the infide of a veffel or 
cafe about eight inches deep and near three inches wide inter- 
nally : the arm K has fuch a length and pofition as that the 
needle N {hall be in the middle of the veffel : this veffel is to 
reft or be fuftained fteady on fome ftand, or to be fteadily fas- 
tened by a fcrew in an upright fituation to a firm door-pofl, tree 
or wall, &c. when the veffel is vertical its upper edges muft be 
level, and the arm K muft be placed fo high as that the upper 
furface of the plate or mirror {hall be very little higher than the 
edges of the veffel : the lower part of the veffel is to hold water 

Sufficient 



* A ftrong agate needle-cap, fuch as is ufed for compafs-needles and fixed in the 
plate By would anfwer beft* 
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Sufficient to cover the Weight, and the upper part is to have a 
door in the fide to allow the inftniment to be fufpended and 
its weight hung by a hook fronrthe loop of the thread /, or its 
vibrations to be ftopt ; for which purpofes the door fhould de- 
fcend to near the furface of the water : it is to be fhut at other 
times to prevent the wind from agitating the level 

From this defcription it is evident, that when the inftniment 
is fufpended from the point N 9 under the centre of the mirror, 
and the weight appended to G, or the middle point of the hole 
in the axis of the wire, thefe two points would be always in the 
line of the dire&ion of gravity if the inftniment itfelf had no 
weight, or if that line palled through the centre of gravity of 
the whole machine j but if the glafs plate and metal frame could 
be divided into two parts, of unequal weight, by a plane paffing 
in any dire&ion through A G, then the axis A G would be 
thrown out of the dire&ion of gravity, and confequently the 
mirror out of the level more or lefs as the weight appended at 
G is lefs or more : this can fcarce happen if the point of fuf- 
penfion N be in the centre of the plates A and B, each of the 
plates By C and D be of uniform thicknefs, the pillars a> a, of 
equal fize, equidiftant from N, diametrically oppofite and at right 
angles to the plates B and C, and the Item E F> in the middle 
of the plate Z>, and perpendicular to it ; and thus the line A G 
be the vertical axis of the whole and of each of the parts : this 

L 2 eafily 
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eafily may, and inuft at firft be nearly effected ; which will be 
known in fomc meafure by the plate A refting level when the 
inftrument is fufpended on the needle N without any weight 
hung from the endi>f the (lem - 9 and if it could be effected ac- 
curately there would be no ufe for the pipe p p, and a folid 
Item E F might be fixed in the plate D j but when the weight 
is hung from the flem and the inftrument receives a circular 
motion round the plumb-line (which certainly may be coniidered 
the fame as AG,) it will be found that the image of a fixed 
obje<5l feen by reflection in the mirror, by an eye kept alfo fixed 
or viewing it through a fixed fight or vane, will not during the 
motion of the inftrument appear every where at the fame dis- 
tance from the centre or edges of the circular plate or mirror, 
but the image will move or fhift its place in it ; a certain proof 
that this was not horizontal, and that though the line A G is 
infenfibly different from the line of gravity, yet that it was 
fcarce poflible to fix that line at right angles to the plate, but that 
there was a neceflity for adjuftment : for this purpofe therefore 
the four adjufting fcrews s s were added, whofe mode of a<5tion 
and efFedl have been explained. 

If during almoft half a revolution of the mirror round the 
axis NG, (which motion the arm K being made purpofely thin 
and the pillars a a fmall will allow) the refle&ed image of a 

fixed 



[ 8 5 ] 

£xed objed £een as above-mentioned appears alfo fixed, the 
mirror is as perfe&ly horizontal as the plumb-line is vertical; 
fuppofing the furface of the mirror to be a true plane, (and 
one muft be unlucky indeed in the choice' of a piece of looking- 
glafs if it be not fufficiently fb) ^ and as it Can by the adjufting 
fcrews be regulated to as much precifion as the eye, even affifted 
by a telefcope, can afcertain the contact of two images, and 
alfo proves its own adjuftment, (by turning it round on its axis), 
which can be farther verified by comparing angles taken by 
reflexion from it with thofe taken from the furface of a fluid ; 
alfo as it does not feem likely to change its form after being 
adjufted and the fcrews made firm ; it feems in this refpedl un- 
exceptionable, and it may be adjufted the way before-mentioned 
by obferving the image of any fixed obje£t, as the fun or moor*, 
the top of a mountain or building, a candle placed at the dis- 
tance of ten or fifteen feet, a wafer fattened on the glafs-pane 
of a window, &c- if when the mirror is made to. revolve round 
the axis A G, without any pendulous vibration of the weight, 
the image Jirjl afcends towards the part of the mirror mod re- 
mote from the eye, and then defcends, that part of the mirror 
in which the image is feen moft elevated or culminating alfo 
afcends or is raifed above the level; and it will be lowered by 
firft unfcrewing a little the adjufting fcrew which is neareft to 
the moft elevated place of the image on the fame fide, and then 

fere wing 
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fcrewing up the oppofite fcrew ; for this will make the end of 

the item approach towards or make a lefs angle with the 

mirror on the fide where that angle was too great, i. e. where 

the mirror was too much elevated : alfo if the image, during the 

revolution of the mirror, appears firjl to defcend towards the 

obferver, and then to afcend^ that part of the mirror in which 

the image is loweft is too much elevated above the horizon, 

and it will be depreflcd by withdrawing the fcrew next to the 

lowed place of the image, (which is now the higheft part of the 

mirror) and advancing the oppofite fcrew as before ; fo that the 

adjufter muft be cautious not to miflake the order of the afcent 

and defcent of the image, nor the direftion of its motion •, for as 

it has (in every complete revolution) both an afcent and defcent 

towards and from the higheft and loweft points, if the obferver 

miftakes the one for the other he may move the fcrews erro- 

neoufly, fo that he muft previoufly afcertain the higheft and 

loweft place of the image. 

That it is by the elevation of the mirror on the fide in 
which the image appears it is made to afcend, may be ocularly 
demonftrated by giving that diameter of the mirror, which is 
in the fame plane of reflexion with the eye, the objedl, and 
image, an angular motion in that plane upon the point of fuf- 
penfion ; but if one would choofe to know the optical reafon of 

this 
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this effed and of the preceding dire£ions y (and the knowledge 

of the theory of any instrument enables the reader to appreciate 

its merits* and alfb precludes injudicious attempts at alteration 

or improvement ; on which accounts I think the theory fhould 

accompany the defcription of every machine) j he may understand 

it from confidering the following circumftances ; and indeed fince 

differences In the diftances of the near obje&s, by which alone 

this mirror, when not level, could fometimes be adjuffed *, will 

produce a variety of motions and places, of the reflected image, 

while the mirror is turned round the plumb-line, even when the 

altitude of the obje&s does not vary, and vice verfa^ differences 

in the altitudes when the diftances are unvaried; which might 

puzzle and difguft the perfon adjufting it, and create doubts of 

its accuracy, it is the; mprc neceffary to give fome explanation of 

its optical properties when it is propofed for ufe. 

In 

* Though the want of adjustment of this level may be difcovered in every obfe*- 
vation of the celeftial bodies, in which cafe their great diflance renders the place 
of the eye, and confequently of the quadrant ufed, immaterial ; yet it can fcarcely 
be adjufted by an obfervation of the fun, &c. unlefs they are very near the meridian^, 
when there might not be time enough to accomplish it, and alfo unlefs the altitude 
of the fun, Sec. be not too great : therefore the fun will not anfwer well for. adjufting 
it in low latitudes, nor the moon except when at full : it will on thefe accounts be 
moft generally convenient to adjuft it by a near objc£t, in which cafe the eye muft 
be fixed, and then there will be a greater variety in the motions of the reflected 
image on the mirror, according to the relative diftances of the eye and objedt from 
it; and there mould be an attention to more circumftances in the procefs of adjuft- 
mcnt : wherefore I thought it proper to give fome account of thefe particulars. 
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In fig. 3, let the line C B reprefent the Hem of the level, kept 
by the plummet in a vertical fituation : if the iniirument weie 
truly adjufted, C B would be the axis of the mirror and at right 
angles to its reflecting furface ; but if it be inclined to this fur- 
face, then no diameter drawn on it will beat right angles to CB 
but one ; all others will be inclined to it in various angles of obli- 
quity, the greatefl being that at right angles to the diameter which 
has no inclination ; and if the mirror revolve round the line CB, 
this latter diameter will defcribe a circle, but the others interme- 
diate between thefe two will defcribe oppofite conical furfaces, 
having all of them different angles at their common vertex C Let 
HN be that diameter at right angles to CB the plumb-line, and 
confequently in the horizon, and let it be in that plane in which 
the eye, fixed at the place £, fees the image of a luminous point 
S in the point C : from the law of reflection, the angle S C H, made 
by the incident ray S C with the mirror, muft be equal to 
EC N, made by the refleded ray CE with the fame -, let now 
the mirror revolve about the axis CB, 'till another diameter, fuppofe 
that which is moft inclined to CB, viz. h n, falls into the plane 
of vifion or refledion SHCEy the image of S cannot now be 
feen at <7, becaufe the ang. S C h is not equal* to the angle E Cn^ 
and it can be feen only in a part of the mirror where thefe angles 
at the point of incidence will be equal, and that will be (when 
the objeCt is very remote) at a point i, whofe angular diflane C Ei 

from 
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from the point C is equal to twiceHCh the obliquity of the fp:culum% 
or becaufe the angle made by two lines or planes is equal to that 



made 



* When the object S is fo diftant that the ang. C S i is evanefcent, the ray 5 i 
will fall on the mirror in the fame direction as S C, that is, in S i parallel to S C : 
when the ray fell at C on the diametei H A 7 , the angle of incidence was S C A 9 but 
In the change of the reflecting plane H C to h C, that ang. receives an increment 
H C h equal to B C b 9 and the ang. of reflection mud receive the fame ; fo that the 
angular velocity of the reflected ray is double ' that of the fpeculum j and 1 ence if 
the ang. E Cf be made equal to twice B Cb y Cf will be the reflected ray, and if 
the eye were at f it would fee the image at C, but the eye remaining at E will fee 
it at z, in a direction parallel to f C, and at an angular diftance C E i equal to E Cf 
from the point C \ becaufe there the angles of incidence and reflection s i a, E i a are 
equal, being the fame as S C d t f C d. But if the object 5 be fo near that the 
angle C S i or / / 5 is of a fcnfiblc magnitude, then the incidence Sin is lefs than 
it was before, by the quantity of this angle, and the angle of reflection K t a mud 
be equally diminiftied, or both receive equal and contrary alteration, which will be 
when the image is formed at that point k 9 between i and C, where the angles of in- 
cidence and reflection S k tfr y E km will receive, the former fuch an increment k S i 9 
and the latter fuch a decrement k E i % as will reftore their equality. Hence it appears 
that if the diftance of the eye remains unvaried, and alfo the elevation of the object 
H C S at the point C, the nearer the object S approaches this point, the nearer will 
the image approach to it ; becaufe as the object accedes, the ang. C S i enlarges, and 
confequently C E i muft diminifh. 

But the various motions and pofitions of the image caufed by the obliquity of the 
mirror to the horizon, cannot be clearly underftood but by inveftigating its path or 
place during a revolution of the mirror round the plumb-line. Let the line of direct 
viflon E S be drawn, b C be produced to d y and from the interfection A of S E and B C 
produced, let A I be drawn parallel to it, and from i let i a be drawn alfo parallel till 
it meets the axis B C produced, in the point a ; fince b C is perpendicular to the mirror, 
fo alfo will be I A, ia (El. 1 1. 7.) v and if the mirror be fuppofed to revolve round 

Vol. VIII. M the 
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made by two perpendiculars to the fame, if Cb be perpendicular 
to h C, it will be equal to twice B Cb\ fo that when this angle is 

nothing, 

the line B A y carrying with it with its own angular motion the lines b d, 1A and ia y 
thefe will continue parallel and perpendicular as revolving together in the fame plane 
with the line b C, which has no motion with refpecl: to the mirror -, but the line A J, as 
Interfering the line of fight E S, and perpendicular to the mirror, is always in the plane 
of refle&ion, therefore fo alfo will the other lines parallel to it, and the image will al- 
ways be feen in fome part of the lines A I, ai\ but thefe lines have a conical motion 
round the common axis B C a, and therefore the image will partake of that motion 
laterally a* well as directly, during the revolution of the mirror from the plane (re- 
prefented in the fig. by the plane of the paper) in which the diameter h Cis that molt 
inclined to the axis of motion AB; and the extent of the lateral motion will be 
limited within the angle C A I by the line A I and not by any other line a /, becaufe 
the former terminates both in the axis of motion and alfo in the line of direct vifion 
E S, and has the fame angular motion about this line, which the plane of reflection 
has during the revolution of the mirror ; fo that when the mirror or the diameter h n 
has made 5 of a revolution from its fituation in the fixed plane E S HC, the image 
will have defcended from the place i to the the diameter hn> pa fling through the axis 
A By and now at right angles to its former pofition •, and will alfo have receded la- 
terally from that axis to the diftance C /, for it will always be feen in the diameter hn 
(which is moft inclined to the axis and wherein the line A I refts) during its revo- 
lution ; and its diftance, as meafured on the furface of the mirror, from the plane 
E C HS, willbq the fine of the angle made by the radius C I in its revolution 5 and its 
diftance, the fame way meafured, from a plane pafling through C and at right angles 
to the former, will be the cofine of the fame angle and defcribed by the radius C i : and 
from this it appears that the path which the image traverfes on the furface of the mirror 
by the compofition of fuch direft and lateral motions during a revolution is an ellipfe, 
whofe vertex is at /, its centre a point in the axis C A, its greateft femiaxis the per- 
pendicular diftance between i and AC, and its conjugate femiaxis the perpendicular 
diftance between /and A C, and that the apparent path or locus of the image is the 
fame ellipfe feen obliquely by the eye at £, whofe greateft femiaxis is equal to the 

fine 
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nothing, the image will be at reft while the mirror revolves round 
B C: if therefore the item B C be fo turned by the adjufting fcrews, 

that 



fine of the angle C Ei f C E being the cofine \ and leaft femiaxis the fine of the angle 
C A I, made to fubtend an angle whofe cofine is alfo C E. 

Thefe ellipfes will be formed in any part of the mirror as well a$ the middle of 
it •, becaufe the fame change of pofition of its furface during a revolution which is 
prefcnted to the eye in whatever place it may view the image, will be the fame : alfo 
the ellipfes will enlarge with the inclination or obliquity of the mirror to the axis 
of motion or ftem of it, and their eccentricity will be inverfely as the altitude of the 
objefl:, if the diftance of the eye and objeft from the mirror does not vary j for the 
angles CEi and CAI, determining the ellipfe, enlarge with the angle B C b or 
HCh\ but the lower the objcft is, the nearer does the line of fight E S approach 
the mirror, and the conjugate femiaxis of the ellipfe approaches to the vertex A of 
the angle C A /, within which it is confined ; fo that this axis, which is the fine of 
the angle C E I> diminifhes with the altitude of the objeft, while the angle C E i 9 
equal to twice BCb 3 remains unvaried. 

If the relative diftances of the objeft and the eye from the mirror be fuch, that 
the direfl: interval between the image i and the line E C is but little greater than IC, 
the vifible place or path of the image will degenerate into a circle ; if the image is 
at a lefs diftance from E C than this, its place will be again an ellipfe, whofe tranf- 
Verfe and conjugate axes will have changed place with thofe of the former one •, but 
if the eye be at an infinite diftance with refpeft to the object, the place of the image 
will be a right line at right angles to h tu Now from this enquiry refult the fpllowing 
inftruftions : 

lft. That fuch an 'injudicious fituation of the eye and objeft might be pitched 
upon for the adjuftment of the inflrument, that the image would appear to move in 
a circle ; in which cafe it would be impoffible to determine in what part the mirror 
was mod elevated ; fo that the objefl: chofen for adjuftment fhould be much more 
diftant than the eye, and alfo not too much elevated above the level of the mirror; 

M a becaufe 



[ 9* J 

that the point E will coincide with" b\ (which is done by unfcrew- 
ing the fcrew s I, (fig. 2.) and fcrewing up s 2,) then t' e plummet 
will bring back the ftem C B from the place b to the line of gra- 
vity G Bi and at the fame time bring the diameter bC of the mirror 
to the horizontal 1 pofition HN: and if the inftrument He made 
with attention to the circumstances already mentioned, the change 
of its centra of ; gravity (if any) from the plumb-line; made by 

alteration 



becaufe then the elliptic path of tHe image will be more eccentric, and it will be 
eafier perceived in what part of the mirror the vertex £ of the ellipfe is formed, 
which it has been (hewn is the moft elevated part of it. 

2dly» That the perfon adjufting the mirror muft make it revolve a full femicircle, 
in order that both vertices of the ellipfe may be feen*; for this, by doubling the 
gre ate ft angle of aberration, may make h perceptible, though (ingly the motion 
and divarication of the images could not be obferved : for which purpofe* the inftru- 
ment muft be changed on the- needle, and replaced with its other fide towards the 
arm K which fupports it t and if the cafe or veflel, in which' it is fufpended, cduld be 
turned partly round, it would facilitate the adjuftment when done by the image of a 
very remote object; 

jdryv That an observation may be made accurately by this level, even when it has 
a great error of adjuftment •, by taking the mean of the greatejl and haft altitudes of 
the obferved bbjeft, which are difcoverable by the greateft and leaft divarication of 
the images during a fe mi-revolution of the mirror , which will be feen in that diameter 
of it, wherein is alfo the tranfyerfe diameter of the ellipfe : and in it is, to be taken one 
of the twb altitudes, and, after turning the mirror half round, the other : the mean of 
thefe. would reduce the refle&ed image to the centre of the ellipfe, and is therefore 
the true angular diftance or altitude. This advantage of the level did not occur to 
myfelf, but was fuggefted by Mr. Frofeflbr. Brinkley, whofe regard to the interefts 
of fcience inclined him to give much attention to this inftrument. 
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alteration of theftem, will be fo little as to be quite imperceptible ; 
But were that change ever fo great, fince the adjuftment is made 
by what is afterward actually the plumb-line, it can produce fno 
error, provided the weight which is appended 'remains the fame. 

By this means the level may be adjufted to a certain degree 
of accuracy, but never to any thing near precifion ; this can be 
effected by no means that I know, fo well as by the Hadley's 
quadrant itfelf, to whofe ufe it is fubfervient, and from which 
in return it moft readily receives its perfect adjuftment ; which 
is done by obferving r .,.when the "image of a very remote object, 
as the fun or moon or a bright ftar in twilight, when near the 
meridian and their altitude not great \ or the top of a Very dii^- 
tant mountain* feen in the- mirror fcoincfident or in contad with 
the image of tHfe lam^ obj^€t reflbfited by the quadrant, at the 
middle or edge of the tranfparent part of the horizon-glafs, will 
prefer ve (in the fame place of that glafs) its coincidence unva- 
ried v while the level is made to revolve half a turn round its^ 
axis : if the image in the level rifes or falls from that in the 
quadrant,, it muft be adjufted by the fcrews as before. If the 
quadrant is furnifhed with a telefcope that inverts, (by /the help 
of which the adjuftment may be rendered far. more accurate than 
it could be done by the naked eye) then the afcent of the image 
in the mirror, from the fixed image in the quadrant, muft be 
regarded as its defcent, and viccverfa. Any near fixed obje<3, of 

fuch 
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fuch length in an horizontal direction as to be feen, when no 
teiefcope is ufed, in the filvered and unfilvered parts of the 
horizon glafs, will ferve for the adjuftment, provided the eye be 
fixed, by having the quadrant immoveably placed oh a ftand, or 
fattened to a board while the adjuftment is performing ; fo that 
it may thus be very eafily and accurately effeded at any time 
even withindoors, (care being taken that, the floor of the room 
does not by fpringing or bending change the relative altitudes of 
the level and objed from the ground, and their angular diftance) 
by fixing up as an objed a ftrip of black paper or any kind of 
foil, &c. on a pane of the window, extended horizontally : and a 
{mall Jixed teiefcope, furnifhed with crofs wires fet diagonally in 
the tube, (that the horizontal image may appear within the angles 
at the centre) and the wires placed at fuch a diftance from the 
eye-glafs, that a motion of the eye will not affed the apparent 
place of the image in the field of view, may be fubftituted inftead 
of the quadrant, if it be more convenient to do fo ; the manner 
of performing this adjuftment is defcribed underneath*. 

It 

* Unlefs the adjuftment by a near objeft be conduced in a judicious manner, a 
perfon may weary himfelf in doing it, where yet there is no difficulty. Let the qua- 
drant be fo fixed on a ftand or rather to an upright board, on which is fattened the 
arm K fupporting the level, that the two images may by the motion of the index, &c. 
be brought to coincide near the middle of the mirror : the mirror may then be firft 
turned round on the needle, 'till fome certain diameter of it, as fuppofe that in the 

dire£Hon 
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It muft be evident from this account, that no error can happen 
in any obfervation made with this infirument, when it can be 
ufed at all in the abfence of high winds, if its equilibration is 

permitted, 

direction of the pillars a a, be in the plane of vifion or parallel to it, and the interval 
and pofition of the image in the mirror, with refpect to that in the horizon-glafs, 
fhouid be remarked : the weight being then taken oft, the mirror mould be reverfed, 
and its oppofite fide placed over the arm K ; and when the weight is replaced, the 
fame diameter of it mould be brought into the plane of vifion as before: the image in 
the mirror will now be feen in its higheft or loweft pofition in this diameter as the 
place it appeared in before was the contrary ; and the image in the quadrant fhould 
be raifed or lowered, by moving the index, 'till this image is judged to be in the 
middle between thofe two places of the image in the mirror ; and this latter fhould 
then be brought, by altering the two adjufting fcrews, which are for this purpofe 
placed directly under the pillars, to coincide with the image in the horizon-glafs. 
By a few trials, reverfing the mirror, and altering the place of the images, 'till that 
in the quadrant is got into die middle between the extreme petitions of the other 
image (which is the centre of the elliptic path it defcribes) and this latter image then 
made to coincide with the former, the aforefaid diameter of the mirror will be made 
level; and the diameter at right angles to it will be alfo rendered fo, by turning the 
mirror about on each fide and altering the other two adjufting fcrews as the conse- 
quent elevation or depreffion of the image directs. If a telefcope only, furnMhed 
with crofs wires, be ufed for adjuftment, inftead of a quadrant, then the directions 
here given with refpect to the image in the horizon-glafs in the quadrant, are to be 
applied, zs if fpoken of the centre of the crofs wires of the telefcope. A little 
practice will produce fuch a degree of dexterity in this operation, that the adjuftment 
may be effected in a very fcort time 5 I have done it more than once (to the exact- 
nefs of lefs than a minute of a degree) in lefs than ten minutes. The mirror will 
be more eafily turned round its axis, without producing pendulous vibrations of the 
weight, and adjufted, if the weight be hung by a thread about a foot long, &ftened 
to the looped ftring f, and made to fwing thus in water contained not in its own 
cafe, but in another veflel, 'till the adjuftment is finifhed : then the weight and level 
tnay be hung as before* 



[ 96 ] 

permitted, by having] the, needle on which it is fufpended v as harti 
and-finely pointed as the weight to be hung on it will allow, 
and the needle-cap properly made with a fine apex and pbliihed > 
for befide the error of adjuftment, which may while it is ufing be 
detected, and either remedied, or the abfervation made truly, even 
when that error remains, (by taking the mean of the greateft and 
Jeaft -altitudes the level affbtds s iri a fettii-revolution of the mirror 
round its axis, as has been obferved before), it is liable to no 
other error but from a pendulous motion of the weight or a tre- 
mulous motion of the iriftrumeiit itfelf from its being agitated by 
the wind ; and if it is affe&ed by either of thefe, it will be vifible 
by the vibration or tremor of the image in the level compared 
with that in -the quadrant which remains motionlefs. And I have 
found that it refifis the a&io$ ctf the wind fb well as to admit 
obfervations to be riiade in ahnofi any weather in which a perfbn 
would chufe to take them in the open air. 

But I have obferved its fteadinefs to depend on the following 
circumftances : 

ift. That the whole inftrument be as light as is confiftent 
with the neceffary ftrength, efpecially the parts remote from the 
point of its fufpenfion, as the edges of the mirror and the lower 
part of the frame and ftem ; on which account the mirror fhould 
be a thin plate of glafs, and cannot be more than three inches 

in 
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in diameter; but it would be much better if it did not exceed 
two and a half- and alfo if it were made, like a plano-convex lens, 
thin at the edges: indeed the mirror need not be fo broad as the 
furface of any fluid ought to be for this purpofe, becaufe to the very- 
edges it is a plane, which is not the cafe with any fluid ; and the 
contact of the limbs of the images of the fun and moon may, 
when their altitude is little more than one degree, be diftin- 
guilhed in a mirror of no greater diameter than two and a half 
inches- I have experienced that it is eafy to find the refleded 
image in a mirror of lefs than two inches diameter, by advancing 
the eye with the quadrant as clofc to it as poffiblc; and any 
perfon ufed to make obfervations with a quadrant and to 
hold it fteady will find this not difficult. 

The a&ion of the wind is exerted more againft the mirror, as 
being a broad continued furface, and immediately expofed to it, 
than againft its frame underneath, which is alfo fcreened from 
it by the fides of the veflel ; the top of which, when it is wider 
than the mirror, fhould perhaps be clofed with fuch a moveable 
cover, as would fcreen every part of it except that occupied by 
the mirror, and prevent the wind from blowing down into it. 
Whatever perturbating force is exerted againft the mirror is at 
the fame time imparted to the frame, and the momentum of both 
produces a vibrating motion lafting fome time, and occafions 
pendulous vibrations of the weight, which are of longer duration 

Vol. VIII. N thaa 
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than the tremors of "the inftrument itfelf, and are more to ber 
prevented. 

2dly. The greater the weight is, the more will both be fop- 
prefled'j fo that the re&ification of the inftrument is within 
one's power; it fhould not be much lefs than two pounds i it 
feemed to me that the greater the tremors were, the lefs 
Were the vibrations and vice verfa ; but the former were, a& 
might be expected, diminished, and the latter increafed, by 
fhortening the firing /, or by lengthening the Item, and con- 
trary wife.* In calm weather this level will* when the arm K 

fupporting 

* I have tried different lengths of the firing and quantities of the weight, without 
being able to make out a theory of their effects, which yet is the more important^ 
as it is part of the theory of the pendulum j for the level with its weight is a 
compound pendulum, confifting of two mattes of matter connected by a firing or 
wire : when I fufpe&ed that die elafticity of the firing might fuffer it to extend, 
and fo to permit the tremulous agitations of the. mirror and flem without propa- 
gating motion to the weight, and exciting its whole refiftance, I fubftituted a flrong 
wire for the firing (each two feet long) but found that the tremors of the . mirror 
were more lading, and the vibrations of the weight fooner excited by the wire 
than the firing ;fo that the latter better anfwered the defign of the inftrument: its 
length feemed of the lefs confequence, fince any length tending to fupprefe the tremors 
encreafed the vibrations and vice verfa : I therefore contracted, the- firing to. the 
length of an inch. 

The tremors of the ftem were much quicker than its ofcillations from its own 
gravity would be, and fax more fo than thofe of the weight could be fuppofed; 
thefe tremors therefore were like the vibrations of a mufical chord, faving that 
this is ftretched beyond its natural length, except when in the middle point of each 
vibration - y whereas it is more likely that during, the tremors of the mirror, the 

weight 
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fupporting it, is fcrewed to a tree &c. be made fleady enough 
by a weight, though it be not fufpended in water; and fince a 

N 2 ftone 



weight mould be kept rafted in the water, and that the interval between the point 
of fufpenfion and the weight ihould be thus fhortened, than that the ftrong wire 
with which I conne&ed k to the item, fhould be ft retched : hence fince fuch vi- 
brations of mufical firings are greateft juft after the impulfe which produces them, 
and die away quickly, perhaps if fuch a compound pendulum were applied to a 
clock, and the ftroke of the pallet applied near the end of its afcent, it would be 
likely to acquire the cycloidal properties, by being fhortened towards the extremities 
of its arch, -during mod of the inflants of time it fpends there ; efpecially fince the 
fame force or maintaining power, would enlarge or diminifh the mufical and pen- 
dulous vibrations together, and might therefore adjuft the length pf the pendulum 
in every part of its vibration, fo as to make Its accelerating force as its diflance 
from the point of reft. 

As the extent of the difadvantages which would attend an enlargement of the 
fize or weight of the inftrument beyond what is necefTary, may not be obvious, I 
mufl obferve, that the accuracy of obfervations made by it chiefly depends on its 
fteadinefs in refifting the wind ; and fince the action of the wind is not momentary 
but continued, its -efFecl; will be probably proportional to the extent ©f furface 
expofed to it, and alfo to the quantity of matter it impels, and will be in a ratio 
compounded of both thefe, i. e. of the furface of the mirror and frame which is in 
the duplicate ratio of the diameters or dimenfions of the feveral parts ; and of the 
folid content of the inftrument, which is in the triplicate ratio of the fame 
diameters : fo that if the diameter of each part be made twice greater in one of 
thefe inftruments than in another, the action of the wind on the former will be 
exerted on four times a greater furface than is expofed to it by the latter, and on 
eight times a greater mafs : it will therefore elevate the extremity of the ftem, and 
with it the appended weight, in each tremulous vibration, four times higher in the 
larger than in the fmaller inftrument: and fince the momentum of each is pro- 
portional to the verfed fine of the arch of its vibration (which is the height to 
which the weight is raifed), and alfo to its quantity of matter; and the magnitude 
and duration conjointly of the tremors are as the momentum ; fo the difadvantage 



t »oo ] 

ftolie or any thing almoff will ferve as an occafional weight, as 
alfo any veflel to hold water, in which cafe nothing is wanting 
to it that may not be every where fupplied; and as the 
inftrument T with the hook or arm K which fupports it, might be 
made of a flz;e not tiiuch greater than in fig. 2. fo it may, when 
eonftru<3ed in this nforro; : a^ > ftze,_ he, - as a concomitant to a 
fmall Hadley'sfextattt, an ufefiil acquifition to a traveller who 
would equip hi mfelf expeditely : with this view, and for fecurity 
againft accidents, the mirror *a4id the whole frame might be 
made of pol idled fteel : and when it is conftru&ed upon this 
fmaller fcale, the ftem may with advantage be made a little 
longer than in proportion to the figure, becaufe its length has 
relation not fo much to.the dimenfions of the other parts, as 
td°thfe letigth of the firings and quantity of the weight ap- 
pended ; both which may remain unaltered. 

I 'Wootlb not have propofed the iflftrument v h^re defcribed, 
if I imaginbd that the levbl mentioned by Mr, Vince |in- his 
Pradical'Aftrofiomy, page 33), or any other one, were equally 
eafy in its conftru&ion and uie, and capable like this of 
being every where fabricated: that defcribed by him is (as I 

underftand 

of the inftrumcnt of doufek Eze will be to that of the other one in a ratio com- 
pounded of both, i, e- of 4 X 8y (or \of 32) to 1, whicn will be reduced to the 
ratio of 16 to 1 \ becaufe when the length of the ftem is doubled, the power of 
the weight to fupprefs the tremors is doubled : from whence appears the neceffity 
of making it as fmall and light as poffible, becaufe the appended weight cannot be 
conveniently enlarged. 
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underftand it) a plano-concave lens, whofe plane fide is uppermoft 
and a refleding level ; covering a box filled with fpirit of wine, 
except a bubble, which refts under the higheft: part of the concave 
furface j being a fort of fpirit-level j but to procure it the ac- 
curacy of fuch, the radius of its concavity fhould be as great as 
that of the fpirit-level ; and I fuppofe it muft be difficult to 
grind it truly to fo great a radius * ; and to find that point in the 

concave 

* If any kind of fpirit-level be made ufe of to fix a reflecting plane horizontal, 
and its bubble were, from the attraction of cohcfion between the glafs and the 
included liquor, to reft below the fummit of the eoncave arch of the tube, &c. the 
error this will produce will be of an angle, double that mcafured by the arch of the 
tube between the point of reft of the bubble and the fummit of the tube, (as can be 
collected from what has and will be mentioned) ; now I have intimated above, that 
not only the fenfibility but the accuracy of the fpirit-level, or its exemption from 
errors arifing from this caufe, will be improved by enlarging the radius of curvature 
of its tube : and becaufe it has been afTerted, that " it could not be depended upon 
ft to greater accuracy than one minute j for that when the radius of curvature of 
" the level is very great, the force with which the bubble nfes to the higheft point 
t( is fo very fmall, that the lead adhefion of the liquor to the glafs will ftop it, and 
" its place of reft will be uncertain,"* which feems to intimate, that enlarging the 
radius of curvature would be of little advantage : I hope I fhall be pardoned for 
inferring the following ftatement, which inclines me to think otherwife ; though 
an acquiefcence in this as a fact would be a recommendation of the level here de- 
fcribed, which is not liable to fuch objection, and though it is only with diffidence 
and* reluctance I can diffent from the very accurate and ingenious perfon who 
afTerted this, and whofe pofition I would not venture to controvert, had he ftated 
his having afcertained the fact by experiment. 

Let there be two fuch levels, whofe curvature is represented by the arches A F, 
AG, fig. 7, AC being the radius of the former, and the point A the fummit of 

both j 

* Vide Ludlam's Remarks on his Agronomical Olfuvations. 
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concave arch, at which a tangent plane would be parallel to the 
upper furface, and which point fnuft be the centre of the bubbles 

alfo 

both; and let the centre of the -babble reft, not .at the. point A but at D f making the 
angle AC D the error of the inftrument, whofe fine is B D 9 and verfed fine BA: 
the fame line B A will be the verfed fine of the angle of aberration in all levels of 
fimilar'conftruftion and regular fhape, whatever be the degree of curvature of their 
tubes : for becaufe the force with which fluids move in any direction through a pipe 
or orifice is q. p. equal to the weight of the fuperincumbent fluid, which in this cafe 
is that of a column of liquor, whofe altitude will be A B (if while the centre of 
the bubble is at D, its extremity extends to A\ but lefs, and equally fo in both 
tubes, if the extremity refts at a diftance from A on either fide) ; fo the weight and 
height of this column mull be in both levels the fame, becaufe it is counterpoifed by 
the attraction of cohefion (I fpeak not of electric attraction) arrefting the liquor, 
and preventing the extremities of the bubble from fettling in an horizontal plane ; 
which attraction is the fame and invariable in tubes of equal diameters whatever be 
their curvature, and therefore in both tubes AF, AG, the centre of the bubble 
will reft in the line B D: let it reft in the tube of lefler curvature or greater radius 
at the point E, and in the other tube A D in D ; then the arch A £, meafuring the 
angle of aberration in the former tube will be to the arch AD the aberration in the 
latter in the inverfe ratio of the line BE to the line BD: thefe lines are the fines 
of the angles; but the fine or ordinate of *a circle is a mean proportional between 
the verfed fine or abfcifTe and its complement to the diameter ; for if lines be drawn 
from the extremes of the diameter to any point in the circumference, as for inftance, 
to D in the circle A D> they conftitutc an angle in a femicircle, which mud be a 
right one, (El. 3. 31.), from whofe vertex the fine DB falls perpendicular 
on the bafe; fo that the verfed fine AB is to the fine BD as this BD 
is to the complement of the diameter B H (El. 6. 8.); i. e. the rectangle 
A By BH is equal to the fquare of BD (Eh 6. 16.); alfo in the circle 
AE the rectangle under the fame abfeiffe A B, aiid the complement to its 
diameter is equal to the fquare of BE: but thefe two rectangles, fince one of their 
fides AB is common, muft be in the ratio of the other fides; i. e (becaufe AB is 
fo very fmall that it may be negteaed), in the ratio of the whole diameters, or of 
tjie radii which are as the diameters; which ratio is that of the fquare of BD 
to the fquare of B E ; eonfequently when the fines are as 1 to 2* the diameters or 

radii 
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alio were it properly conftru&ed, it would require to be ad- 
jufled every time it is ufed or ftirred from its place, unlefs it were 
fet upon another level plane, and to make this adjuftment would 
require the light of the day or of a candle; fo that it would not 
anfwer to make by night and in any place obfervations of the 
ftars, which are often the only ones a traveller has an opportunity 
of making. I apprehend it would require at every obfervation a 
confiderable part of the trouble of adjuftment, which in the 
level here defcribed ferves once for all j for after being adjufted, 
it requires no farther care than to keep the needle duly 
pointed. 

As an inftrument which does not, like this one, detect its 
own errors, may gafn credit for an accuracy which it has not, it 
will be unfair to judge of the prefent level only from a com- 
parifon of it with fuch a one : the faireft trial of its adjuftment, 
&c. will be made by obfervations taken in calm weather from 
the furface of a fluid of fufHcient extent, and not covered by 
glafs planes. If the weight were to be fattened to the ftem 
without the intervention of a cord or hook, the tremors of the 
ifcirror would be fupprefted, and the wind would communicate no 

motion 

radii will be as i to 4 : if the fines were as the radii, or as 1 to 4, the angles 
or arches A D 9 A E would be equal, but fince B D is by fuppofition only half BE t 
and the angles are fmall, the arch of aberration AE will be little more than 
half rhe arch AD: and hence it appears that the error of the level will be q. p. in 
nearly the inverfe fubduplicate ratio of the radius of its curvature \ fo that when 
the radius is as 1, 4, i6> &c. the aberration will be as 4, 2* I, &c. or as 1, i % 
&c. 
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motion to it, except a pendulous vibration affecting the whole 
mafs. The Reverend Mr. Auftin, for whofe judgment in thefe 
things I had due refpeft, advifed me to contrive the machine on 
this principle ; and accordingly I made it in the following fafhion, 
which, all circumftances confidered, I found to afford the mod 
commodious general ufe of it, and to render it fufiiciently por- 
table, as the whole may be contained in a round brafs cafe nine 
inches in length, and lefs than three in diameter, fuppofing that 
of the mirror to be two inches and a half, nor need it be much 
heavier than the glafs planes commonly ufed, together with the 
quickfilver, &c. required with them, even when made of a fize 
as large as here propofed. It is reprefented fig. 8. in a vertical 
fedion through the middle and one third of the intended fize; 
though I think, if it were made of only twice the dimenfions in 
the figure it might be fufficient, 

M N is a cylindrical veflfel or cafe, made of brafs or wopd, 
which contains the level : in the middle of the bottom of it, 
(which fhould not be liable to bend) is firmly fcrewed a ftrong 
brafs rod E E, tapering upward ; and in the upper end of this 
is inferted the needle Z, on whofe point the mirror refts : the 
plate ^is the mirror, B the brafs plate cemented to it, in which 
is fixed the conical cap that receives the needle : this plate B is 
immoveably fcrewed and foldered to the end of the pipe CC, 
which pipe is feven inches and a half long, and widens downward, 
having a hole through its fide juft under the projeding part at^, 
to prevent the condenfation of air within it, when it is immerfed 

in 



[ io 5 J 

in water, &c. to that depth : this pipe, towards its tipper end, is fo 
narrow, as only to allow a fmall vibration of it on the point of 
fufpenfion £, without bringing its fides into contaft with the 
upright fpindle E E, for thus it will prefent a lefs furface to 
the impulfe of the wind ; but when it vibrates on the needle, 
the loweft part only of the pipe muft be allowed to ftrike againft 
the rod E E^ left the point of the needle fhould be broken. The 
weight is reprefented at jPP; it is a maffive ring of brafs 
weighing about one pound and a half, foldered on the pipe CC, 
(or it might be caft in the fame mafs with it) •, after which 
the whole was carefully turned in a lathe, in order that its 
fides might be equally thick all around; for thus they will 
lie equ difiant from the rod E E y when this is in a vertical 
pofition, and the inftrument hangs freely on the point of fufpen- 
fion ; i. e. when the cafe MN is fet on its bafe, and refts> fteady 
on the ground or fome level ftand, or is fo fupported, that it 
remains ered, and in circumftances fit for making an obfer- 
vation. To render it capable of being carried about in its cafe 
without injury, a brafs ring, having the form and indenture in it 
reprefented at FF, is fattened within the cafe MN; which is 
done by four fcrews pafled though its fides, that it, and alfo the 
level, may be introduced and taken out ; and the upper part of the 
weight PP has a fhoulder formed on it to fit and fill the in- 
denture h in the ring, into which it is unerringly introduced by 
the conical part of the weight above the fhoulder, when the weight 
is pufhed up to it ; and this is done by advancing againft it the 
{crews DD, which move through the bottom plate of the cafe 
Vol. VIII. O MN y 
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M N> and are furnifhed with locking nuts ff on the outfide, to 
prevent their loofening : when the inftrument is thus pufhed up- 
ward in the cafe, the needle-cap at L is raifed above the needle, 
and cannot injure its point, but may be let down upon it again 
by withdrawing the fcrews D D. To fteady the weight and 
mirror, any convenient liquor, as water, vinous fpirit, &c. is 
poured into the cafe through the open orifice in its fide, to the 
height of the ring FF, and may be let out again by another 
orifice, (occafionally flopped), near the bottom ; to prevent which 
from running out at the fcrews D D, plates of leather are inter- 
pofed between the nuts ff and the bottom of the cafe : and if a 
ring of leather were likewife fattened on the (houlder g of the 
weight P P, or in the indenture h of the ring FF, and frefh 
linfeed oil, effential oil, or any other, which would not ruft the 
needle, were fubflitu ted inftead of water (if by experience oil (houid 
be found admiffible) it would, by the preffure of the (houlder of the 
weight PP, when fcrewed up agajnft the leather at h, be always 
kept in the bottom of the vefTel from running out, and nothing 
would be wanting to fit the inftrument at all times for obferva- 
tion hut to take off the cover HH, to withdraw the fcrews D D, 
(keeping the nuts^/yin their places, and holding the cafe upright 
that the oil may remain at the bottom), and then to fet down 
the inftrument. But the fame oil could not be long ufed ; for 
unlefs every part of the metal which it could touch were coated 
with tin, it would grow foul and vifcid by diflblving the brafs, 
as it would alfo pf itfelf in time; and in cold weather and 

climates 
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climates it would by freezing or growing vifcid be rendered utterly 
unfit for this purpofe : it has been difapproved of by a perfoti trf 
better judgment than mine, and is only propofed for experiment, 
fhould the inftrument be ufed in vifiting hot climates, where the 
needle would ruft, and other liquors be fcarce. 

The want of adjuftment of the level in this conftru£Hon is 
difcovered by the motion of the image refle&ed from it as before- 
mentioned ; and it is corrected by noting that diameter of the 
mirror, in which, during its revolution, the image appears moft 
and leaft elevated ; then fuppofing a vertical plane in that 
diameter to divide the whole inftrument, marking a line acrofs 
its bafe, i. e. acrofs the bottom of the weight ; if a due portion 
of the metal of the weight near that line be filed away on the 
fide oppofite to that in which the image is feen higheft or loweft, 
the mirror will fettle to the juft horizontal pofition. For inftance, 
fuppofe the moft elevated place of the image feen in the mirror 
to be at the point a in the diameter a b ; and that a perpendicular 
plane paffing through the fame interfeds the bafe or bottom of 
the weight in the line cd-, if fome of the metal be rafped away 
near d on the fide oppofite to a, then the fide c of the weight will 
be heavier than the fide d, and will defcend and approach nearer to 
the rod EE^ and the fide a of the mirror which was too much 
elevated, will at the fame time fubfide to a level pofition : and 
when this is once effeded exa£ly, feeing that the inftrument is 
one folid inflexible mafs, whofe centre of gravity cannot alter, 

2 it 
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it is plain that unicfs it fhould receive fomc injury, it will 
never after require any adjuftment; but if it fhould, it may eafily 
be re&ified in the fame manner. 

To make the leyel more fteady in the time of obfervation, a 
tripod ftand like that of a telefcope might be fixed to the bottom 
of the cafe MN to fupport it; the feet of which might be 
contrived to turn upward and reft againfl the fides of the cafe, 
when the inftrument is not ufed. I could defcribe a mode of 
doing this, but can add no more to this paper, the length of 
which demands from me an earneft apology ; obferving only that 
as this leve^ if made on either of the two conftru&ions here men- 
tioned, may be adjufted to the utmoft accuracy, fo it alfo refifl3 the 
agitation of the wind as well as the fluid level covered with glafs 
planes, unlefs the quickfilver in the latter be likewife fheltered 
by a glafs plate laid on its furface, which if the quicMUpr 
fhould happen to be fpilled would be ufeiefs ; and fuppofing the 
plate to be of fuch uniform thicknefs and denfity, and to float fo 
equidiftant from the deprefled margin of the quickfilver on 
every fide, no air bubbles likewife intervening nor accidental 
contaa with the fides of the veflel, that it wouW naturally lie 
parallel to the furface of the fluid, yet if this fhould accidentally 
be fo overfpread with duft or foulnefs, as to raife one edge of 
the plate, and deprefs the other, even fo little as the thirty-three- 
thoufandth part of an inch, it might give an altitude one minute 

of 
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of a degree erroneous :* and as thefe accidents are likely to 
happen to a perfon ufing that kind of 4 level in travelling, fo 
I am perfuaded the inftrument here defcribed would remain longer 
ferviceable to a traveller, than any other for this purpofe that 
I am acquainted with : and it is as being the moft fafely por- 
table of any, and alfo manageable abroad at night when others 
are not fo, that it is chiefly recommended; though after many 
comparative trials of the fluid level with this one, I would, 
without confcioufnefs of partiality, generally prefer the latter; 
for it is in fa£t a plummet, and may be made and adjufted to 

have 

* If the radius of a circle be ten inches, each inch divided into a thoufand equal 
parts, i. e. in the whole ten thoufand, the fine of the arch of one minute is (not quite) 
three of thofe parts, or the TT y T part of an inch: if the radius be only the 
■J. of this, or two inches, the fine of one minute will be only the | of y| 3T of an 
inch ; i. e. the ■ ii l ' 6 T part : confequently if the reflecting plate or mirror above- 
mentioned were four inches in diameter, and it were Accidentally tilted up at one edge, 
and deprefled on the oppofite one, even fo little as the i6 j 6T part of an inch, it 
would be one minute of a degree oblique to the horizon : but I have (hewn, that the 
greateft error of obfervation by a reflecting level, is always double the error of the 
fpeculum ; hence half the above angle of obliquity of the fpeculum to the horizon, 
or an elevation and depreflion of its oppofite edges from it, of the TT | T5 . part of an 
inch, (and how fmali a quantity this is, I leave to the conception of the reader) 
will, if the diameter of greateft obliquity happen to be in the plane of vifion, 
produce an error in the obfervation amounting to one minute ; the fame is true of 
the level here defcribed ; fo that the property of a fcrew in producing fmall motions 
is admirable, fince its adjufting fcrews, even at the fame diftance {two inches) 
from the centre of motion, can in rectifying the fpeculum, be made to advance 
with precifion enough, through a fpace far lefs than this, even fo fmall as the one- 
hundred-thoufandth pait of an inch. 

It 
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have the accuracy which in aftronomical ufe, and like circum- 
fiances, the plummet affords. 

It is eafy to conceive that the greater the fize of this level is made in lengthy 
when it is conftru&ed in the form in fig, 8, the more accurate will it be, and fteady 
in refitting the agitation of the wind. Alfo that this fafhion of it admits the more 
eafy adjuftment, as the mirror can be turned quite round on its axis, and the 
higheft and loweft place of the image inftantly discovered, confequently its error, if 
it has any. 



